The half reactions of water splitting, the hydrogen evolution reaction (HER) and oxygen evolution reaction (OER), requires the efficient management of electrons and protons. The use of hangman catalysts provides detailed mechanistic insight into the protoncoupled electron transfer (PCET) processes that underpin HER and OER. This review summarizes our efforts to use hangman porphyrins and corroles to develop a unified mechanistic PCET framework to describe O-O, O-H and H-H bond-breaking and bond-making processes, as they pertain to HER and OER.
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Molecular assemblies based on strong axial coordination in metal complexes of saddle-distorted dodecaphenylporphyrins Tomoya Ishizuka, Shunichi Fukuzumi and Takahiko Kojima* Works on metal complexes, having saddle-distorted dodecaphenylporphyrin (DPP) and its derivatives as ligands, have been highlighted in the light of enhancement of the Lewis acidity of a metal center coordinated by the porphyrin. The enhanced Lewis acidity of the central metal ions enabled the construction of stable molecular complexes through axial coordination using metal-DPP moieties and molecular or ionic entities with Lewis-basic coordination sites.
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A review of iron and cobalt porphyrins, phthalocyanines, and related complexes for electrochemical and photochemical reduction of carbon dioxide Gerald F. Manbeck* and Etsuko Fujita* This review summarizes research on the electrochemical and photochemical reduction of CO 2 using a variety of iron and cobalt porphyrins, phthalocyanines, and related complexes. While remarkable progress has been made in carrying out coupled protonelectron transfer reactions for CO 2 reduction, ground-breaking research has to be continued to produce renewable fuels via low-energy pathways using durable and selective earth-abundant catalysts for creating carbon-neutral energy sources.
pp. 65-91 Metalloporphyrin/G-quadruplexes: From basic properties to practical applications
Eyal Golub, Chun-Hua Lu and Itamar Willner* Metal porphyrin/G-quadruplex supramolecular nanostructures exhibit unique catalytic, electrocatalytic and photocatalytic properties. These features of metal porphyrin/G-quadruplexes are extensively implemented to develop synthetic transformations and to use the nanostructures as electrochemical or optical labels for a variety of sensing platforms.
Introduction of multiple electron-donating groups and electronwithdrawing groups into a porphyrin core achieved a panchromatic light-harvesting in visible and NIR regions. The preliminary photovoltaic performance is moderate, but the extensive photocurrent generation matches with the excellent light-harvesting property.
Articles pp. 92-108
Effect of axial ligands on electronic structure and O 2 reduction by iron porphyrin complexes: Towards a quantitative understanding of the "push effect" Subhra Samanta, Pradip Kumar Das, Sudipta Chatterjee and Abhishek Dey* Differences in bonding interactions between imidazole, phenolate and thiolate axial ligands tune the electronic structure and kinetics of electrochemical O 2 reduction by synthetic iron porphyrin complexes.
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A novel terbium-cobalt tetra(4-sulfonatophenyl)porphy rin: Synthesis, structure and photophysical and electro chemical properties Wen-Tong Chen*, Jian-Gen Huang, Qiu-Yan Luo, Ya-Ping Xu and Hong-Ru Fu A novel terbium-cobalt porphyrin has been synthesized via a hydrothermal reaction and structurally characterized by X-ray single crystal diffraction. It is characterized by a 3-D porous open framework. It displays an emission band in the blue region and the fluorescence lifetime is 1.14 ms. The CV and DPV discovers one reversible wave with E 1/2 = -0.80 V.
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Systematic studies on side-chain structures of phthalocyaninato-polysiloxanes: Polymerization and self-assembling behaviors Satoru Yoneda, Tsuneaki Sakurai*, Toru Nakayama, Kenichi Kato, Masaki Takata and Shu Seki* A series of phthalocyaninato dihydroxysilicon having various types of side chains were synthesized and their bulk-state polymerization capability was investigated. Comprehensive studies disclosed that strong electron donating ability and small steric hindrance of the peripheral substituents are the dominant factors to afford high molecular weight polymers. Due to the siloxane covalent bonds, the obtained phthalocyaninato-polysiloxanes with enough degree of polymerization all form hexagonal columnar liquid crystals even for the derivatives with small peripheral chains.
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Dimeric 1:2 adduct of β,β′-bis(diphenylphosphino) porphyrin with silver(I) chloride Keisuke Fujimoto, Hideki Yorimitsu* and Atsuhiro Osuka* A 2,18-bis(diphenylphosphino)porphyrin ligand undergoes complexation with silver(I) chloride to afford a stable phosphine-silver complex. X-ray crystallographic analysis of the complex revealed a dimeric structure of a 1:2 adduct of the diphosphine and silver(I) chloride, where each phosphorus atom coordinates a silver atom. The four AgCl units construct a distorted cubic cluster with small metallophilic interaction. 
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N-confused meso-tetraaryl-substituted free-base porphyrins: Determination of protonation and deprotonation constants in nonaqueous media
Zhongping Ou*, Xueyan Chen, Lina Ye, Songlin Xue, Yuanyuan Fang, Xiaoqin Jiang and Karl M. Kadish* The protonation and deprotonation reactions for a series N-confused meso-tetra aryl-substituted free-base porphyrins was monitored in CHCl 3 and DMF by UV-visible spectroscopy during titrations with trifluoroacetic acid or tetra-n-butylammonium hydroxide and the spectroscopic data was then used to calculate equilibrium constants for these reactions.
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Energy-transfer studies on phthalocyanine-BODIPY light harvesting pentad by laser flash photolysis Mohamed E. El-Khouly*, Cem Göl, Morad M. El-Hendawy, Serkan Yeşilot and Mahmut Durmuş* Efficient energy transfer for symmetrical pentad bearing four BODIPY units connected to the phthalocyanine core via an ethynyl linkage at peripheral positions was investigated by femtosecond and nanosecond laser flash photolysis to explore photoinduced intramolecular events of the light harvesting pentad.
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Molecular structures, redox properties, and photosubstitution of ruthenium(II) carbonyl complexes of por phycene Toru Okawara, Masaaki Abe*, Shiho Ashigara and Yoshio Hisaeda* Two ruthenium(II) carbonyl complexes of porphycene have been structurally characterized by single-crystal X-ray diffraction analysis. UV-light irradiation of a benzene solution of the ruthenium porphycene complexes leads to the dissociation of a carbonyl ligand from the ruthenium(II) centers to give the corresponding bis-pyridine complexes. The first-order kinetic analysis has revealed that the photosubstitution proceeds faster for complexes of porphycene than that of porphyrin.
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Nondestructive readout fluorescence memory based on a gallium(III) corrole complex and photochromic cis-1,2-dithienylethene Jijoon Kang and Youngmin You* Photochromic gating of fluorescence emission from a gallium(III) corrole complex provides a novel strategy for creation of fluorescence memory. The all-optical memory features advantages, including a high fluorescence on/off ratio and nondestructive readout capability. Transient photoluminescence experiments revealed effective modulation of intermolecular energy transfer from a fluorescent gallium corrole complex to photochromic cis-1,2-dithienylethene.
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Photophysical properties of Sn(IV)tetraphe nylporphyrin-pyrene dyad with a β-vinyl linker P. Silviya Reeta*, Adis Khetubol, Tejaswi Jella, Vladimir Chukharev, Fawzi Abou-Chahine, Nikolai V. Tkachenko, L. Giribabu* and Helge Lemmetyinen* A Sn(IV)tetraphenylporphyrin-pyrene dyad has been synthesized and its photophysical properties has been investigated by ps and fs time-resolved spectroscopy. Besides the occurrence of efficient excitation energy transfer (EET) from pyrene to porphyrin, the influence of conformational flexibility on the formation and decay of the excited dyads with increasing solvent polarity has been inferred by fs-ps transient absorption measurements.
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Effects of heme modification on oxygen affinity and cooperativity of human adult hemoglobin Tomokazu Shibata, Eisuke Furuichi, Kiyohiro Imai, Akihiro Suzuki and Yasuhiko Yamamoto*
The O 2 affinity of a reconstituted Hb exhibiting low cooperativity decreases with decreasing electron density of the heme Fe atom in such a manner that the P 50 value increases by a factor of ~3 with a decrease of 1 pK a unit. On the other hand, the native Hb deviated from the linear pK alog(1/P 50 ) relationship, suggesting the significance of the heme vinyl side chains in the control of the O 2 binding properties of the protein.
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Charge separation in supramolecular ferrocene(s)-zinc por phy rinfullerene triads: A femtosecond transient absorption study Gary N. Lim, Whitney A. Webre and Francis D'Souza* Using femtosecond transient absorption spectroscopy, mechanistic details of photoinduced charge separation in supramolecular triads, constructed using covalently linked zinc porphyrin-ferrocene(s) dyads -self-assembled via axial coordination to either pyridine or phenylimidazole appended fulleropyrrolidine is reported. Charge separation from ferrocene to 1 ZnP* to yield the initial Fc + -ZnP :C 60 radical ion-pair or charge separation from 1 ZnP* to C 60 to yield the initial Fc-ZnP
•+ :C 60
•-radical ion-pair, depending upon the ferrocene-zinc porphyrin intermolecular distance, is observed. These radical ion-pairs resulted in the formation of distantly separated Fc + -ZnP:C 60
•-radical ion-pairs either via an electron migration or hole shift process, as the ultimate electron transfer products.
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Cholesteryl oleate-appended phthalocyanines as potential photosensitizers in the treatment of leish maniasis 
pp. 329-334
Highly efficient hydroxylation of gaseous alkanes at reduced temperature catalyzed by cytochrome P450BM3 assisted by decoy molecules Norifumi Kawakami, Zhiqi Cong, Osami Shoji* and Yoshihito Watanabe* Cytochrome P450BM3 functions as a small-alkane hydroxylase upon the addition of perfluorocarboxylic acids as decoy molecules. The coupling efficiency for the hydroxylation of small alkanes was improved by reducing the reaction temperature to 0 °C.
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Synthesis and characterization of a sulfur-con taining phthalocyanine-gold nanoparticle hybrid Vicente M. Blas-Ferrando, Javier Ortiz, Fernando Fernández-Lázaro and Ángela Sastre-Santos*
The synthesis and characterization of a new gold nanoparticle-zinc phthalocyanine system, AuNP-S(tBu) 3 ZnPc is reported. A solid configuration of TiO 2 -lipoic acid-AuNP-S(tBu) 3 ZnPc has been also prepared.
pp. 308-319 Photocurrent enhancements in a porphyrin-viologen linked compound under plasmonic and magnetic fields
Hiroaki Yonemura*, Tomoki Niimi and Sunao Yamada 
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Preparation and characterization of cobalt(II) phtha locyanine complex-encapsulated zeolite-X Nayumi Ohata, Yurie Ito, Daisuke Nakane, Hideki Kitamura and Hideki Masuda* Cobalt(II) phthalocyanine complex encapsulated into the supercage of X-type zeolite, CoPc-X, and its secondary ion-exchanged zeolite (M n+ = Na 
pp. 398-403 Synthesis and anti-cancer activities of a water soluble gold(III) porphyrin
Aaron D. Lammer, Melissa E. Cook and Jonathan L. Sessler* A recognized limitation of gold(III) as an anticancer agent is susceptibility to reduction under physiological conditions to produce the more labile gold(I) state. The use of porphyrins is an attractive solution to this potential problem. Typically, however, the stabilization provided by the use of a strongly chelating porphyrin is offset by the poor solubility of the resulting complex in aqueous media. In this work the synthesis and in vitro anti-cancer activity of a gold(III) porphyrin complex (6) with relatively good aqueous solubility is described. As judged from standard antiproliferation assays, this complex displays an IC 50 of 9 μM for the A2780 human ovarian cancer cell line. This activity is statistically enhanced relative to two control systems (compounds 3 and 5).
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Free-base porphyrin and [60]fullerene linked by oligomeric ethylenedioxythienylenevinylene bridge Beatriz Pelado, Julieta Coro, Pilar de la Cruz and Fernando Langa*
The synthesis and structural characterization and the study of the electronic properties of two novel porphyrin-bridge-fullerene molecules, where a freebased porphyrin and [60]fullerene are connected through one and two units of ethylenedioxythienylenevinylene π-conjugated bridges, is reported. The absorption studies, voltamperometric measurements and theoretical calculations at DFT level are presented.
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Redox behavior of novel nickel and palladium complexes supported by trianionic noninno cent ligand containing β-diketiminate and phe nol groups Yuma Morimoto, June Takaichi, Shinichi Hanada, Kei Ohkubo, Hideki Sugimoto, Nobutaka Fujieda, Shunichi Fukuzumi and Shinobu Itoh* A new type of nickel and palladium complexes with non-innocent β-diketiminate ligand having redox active phenol groups (LH 3 , fully protonated form) have been developed, and the structure, physical properties, and reactivity of their one-electron and two-electron
) have been examined in detail.
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Mechanistic study of methanol oxidation by Ru IVoxo complexes Yoshihito Shiota*, Shoya Takahashi, Shingo Ohzu, Tomoya Ishizuka, Takahiko Kojima and Kazunari Yoshizawa*
The catalytic conversion of methanol to formaldehyde by three kinds of non-porphyrin Ru IV -oxo complexes is discussed by using DFT calculations. There are two possible reaction pathways for the oxidation of methanol to formaldehyde with respect to the first hydrogen abstraction from the methyl group and the hydroxyl group. The rate-determining step is the H-atom abstraction from the CH 3 group of methanol, being in good agreement with kinetic analysis of the reactions.
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Very fast singlet and triplet energy transfers in a trichromophoric porphyrin dyad aided by the truxene platform ). The energy transfer processes proceed via a through bond Dexter mechanism with evidence for a moderate MO coupling between the donor and acceptors in the frontier MOs.
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Synthesis and wire-like performance of diruthenium molecular wire with a C≡C-porphyrin-C≡C linker Yuya Tanaka, Masanori Ono and Munetaka Akita* A bis-ruthenium complex with a free-base porphyrin linker 1 is synthesized and characterized. By electrochemical and spectroscopic measurements, complex 1 +• is assigned as a Class III compounds according to Robin-Day classification. DFT calculation also supports strong electronic coupling between the two metal ends.
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Efficient oxidation of ethers with pyridine N-oxide catalyzed by ruthenium porphyrins Nobuki Kato, Yu Hamaguchi, Naoki Umezawa and Tsunehiko Higuchi* It was found that oxidation of cyclic ethers with this reaction system gave lactones or/and ring-opened oxidized products with regioselectivity. A relatively high kinetic isotope effect was observed in the ether oxidation, suggesting that the rate-determining step is the first hydrogen abstraction.
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Formate dehydrogenase catalyzed CO 2 reduction in a chlorin-e 6 sensitized photochemical biofuel cell Yutaka Amao* and Naho Shuto
The new visible-light operated CO 2 -glucose biofuel cell consisting of chlorin-e 6 immobilized on TiO 2 thin layer film onto optical transparent conductive glass electrode as an anode, formate dehydrogenase and viologen with long alkyl chain co-immobilized onto electrode as a cathode, and the solution containing glucose, glucose dehydrogenase and NAD + as a fuel is developed. During visible light irradiation, the photocurrent was generated and formic acid was produced in the cell. Thus, CO 2 reduces and formic acid produces while generating electricity with visible light irradiation to this biofuel cell.
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Effect of alkyl substituents: 5,15-bis(trimethylsilylethy nyl)-vs. 5,15-bis(triiso propylsilyl ethynyl)-tetrabenzo porphyrins and their metal complexes Two rarely seen building blocks have been incorporated into light absorbing arrays: corroles and 2,3-naphthalimides. General synthetic strategy consisting in direct condensation of formyl substituted aromatic imides with dipyrranes led to diverse range of trans-A 2 B-corroles in acceptable yields. In small, strongly polarized amino-cyano-phthalimide neither efficient energy-nor electron-transfer could be detected and excitation leads to fluorescence from both components.
pp. 451-458
Diporphyrin magnesium complex with long-wavelength light absorption for organic solar cells Takenari Sato, Takafumi Nakagawa, Hiroshi Okada and Yutaka Matsuo* Magnesium complexes of donor-acceptor-donor-type diporphyrin compounds containing two tetraethynylporphyrin units and one benzothiadiazole unit were synthesized and used in solution-processed organic thin-film solar cells. Longwavelength light absorption due to low-bandgap nature contributed to photocurrent conversion in the near infrared region.
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Structural changes in non-planar octaaryl substituted phthalocyanine phosphorus complexes Taniyuki Furuyama, Ryosuke Harako and Nagao Kobayashi* Phosphorus complexes of non-planar α-octaaryl phthalocyanine derivatives ((α-Ar) 8 Pc) have been synthesized by introduction of phosphorus(V) ions into free-base Pcs. The solid state structure of phosphorus complex indicated a ruffled Pc structure due to the small atomic radius of phosphorus, although the corresponding free-base Pc has a saddled Pc structure.
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Myoglobin-based non-precious metal carbon catalysts for an oxygen reduction reaction Akira Onoda*, Yuta Tanaka, Toshikazu Ono, Shotaro Takeuchi, Akira Sakai and Takashi Hayashi* A non-precious metal catalyst promoting an oxygen reduction reaction was synthesized by heat-treatment of myoglobin (Mb) containing a heme. The Mb-based catalyst prepared at 940 °C catalyzes four-electron ORR and the onset potential is 0.84 ± 0.01 V.
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Synthesis of carboxylated chlorophylls and their application as functional materials
Shin-ichi Sasaki, Xiao-Feng Wang, Toshitaka Ikeuchi and Hitoshi Tamiaki* A series of carboxylated chlorins were synthesized and their application as components for dye-sensitized solar cells as well as sensing reagents were investigated. The detection of additional amine in THF was demonstrated by both visible absorption and fluorescence emission spectroscopies, while the photovoltaic performance of DSSCs were evaluated using chlorin-adsorbed TiO 2 films.
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Mechanistic study of a manganese porphyrin catalyst for ondemand production of chlorine dioxide in water Scott D. Hicks, Silei Xiong, Curt J. Bougher, Grigori A. Medvedev, James Caruthers and Mahdi M. Abu-Omar* A water-soluble manganese porphyrin complex was examined for the catalytic formation of chlorine dioxide from chlorite under ambient temperature at pH 5.00 and 6.90. Catalysis is initiated via an OAT (Oxygen Atom Transfer) reaction resulting in formation of a putative manganese(V) oxo species, which undergoes ET (Electron Transfer) with chlorite to form chlorine dioxide. As chlorine dioxide accumulates in solution, chlorite consumption slows down and ClO 2 reaches a maximum as the system reaches equilibrium. The ClO 2 product can be collected from the aqueous reaction mixture via purging with an inert gas, allowing for the preparation of chlorine dioxide on-demand.
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Pre-organized dinucleosides with pendant porphyrins for the formation of sandwich type complexes with DABCO with high association constants Sonja Merkas, Souhaila Bouatra, Régis Rein, Ivo Piantanida, Mladen Zinic and Nathalie Solladié*
The synthesis of a dinucleotide bearing pendant porphyrins dedicated to adopt a pre-organized coformation with face-to-face porphyrins is reported herein. We document the fact that some well-chosen nucleosidic linkers offer an interesting option for the synthesis of devices capable to self-organize in a stable sandwich type complex and enhance significantly the association constant with bidentate bases such as DABCO.
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Electroabsorption spectra of push-pull por phyrins in solution and in solid films Kamlesh Awasthi, Hung-Yu Hsu, Hung-Chu Chiang, Chi-Lun Mai, Chen-Yu Yeh*, Eric Wei-Guang Diau* and Nobuhiro Ohta* Polarized electroabsorption spectra of push-pull porphyrins which were used as dye-sensitizer in solar cells have been measured in solution and in solid films. Based on the results, the magnitudes of the electric dipole moment both in the ground state and in the excited state have been deterimined. These values are strongly related to the efficiency of dye-sensitized solar cells.
